Objective: Elderly patients might be denied nonelective cardiac surgery because of the perception of poor outcomes and an unacceptable quality of life. In this study we evaluate long-term survival and quality of life in these patients.
As the elderly population increases, cardiac surgery in octogenarian and nonagenarian patients is becoming increasingly common. [4] [5] [6] However, elderly patients are less likely to be referred for elective cardiac surgery than younger patients. Many elderly patients view cardiac surgery as a risky proposition with little potential gain. Similarly, referring physicians also perceive poor outcomes and poor postoperative quality of life (QoL). [7] [8] [9] For these reasons, elderly patients are more likely to present with unstable symptoms than younger patients, forcing consideration for urgent or emergent cardiac surgery. 10 Several studies have demonstrated encouraging survival and QoL in elderly patients undergoing cardiac surgery but note that nonelective surgery is associated with 2 to 3 times greater risk. 4, [10] [11] [12] [13] No prior study has evaluated long-term survival and QoL outcomes of elderly patients undergoing urgent or emergent cardiac surgery, and few data exist to guide clinical decision making for this patient population. The goal of this study is to evaluate the long-term survival and QoL for nonelective cardiac surgery in our octogenarian and nonagenarian patients. We compare these outcomes with age-adjusted population data. We also identify risk factors for early and late mortality and evaluate the utility of existing clinical predictive algorithms for this patient population.
MATERIALS AND METHODS Patients
All patients 80 years of age or older who underwent nonelective cardiac surgery between January 1994 and December 1999 at Brigham and Women's Hospital were identified. Nonelective surgery was defined as an urgent or emergent operation, as defined by the Society of Thoracic Surgeons, required for acute myocardial infarction (MI), unstable angina, critical coronary anatomy, cardiogenic shock, or aortic rupture or dissection. During this 5-year period, 262 consecutive patients were identified, of whom 223 (80%) underwent urgent surgery and 39 (20%) underwent emergent surgery. Patients' preoperative, operative, and postoperative variables were retrieved from the prospective Brigham Cardiac Surgery Database. Procedures were divided into coronary artery bypass grafting (CABG) alone, valve surgery with or without CABG, and aortic surgery.
Outcomes
We evaluated the frequency of postoperative complications, length of stay (LOS), discharge disposition, early mortality, long-term survival, and long-term QoL. In all patients the postoperative course was followed, and intubation time and intensive care unit and hospital LOS and patient disposition were determined. Complications, such as death, cerebrovascular accident (CVA), pneumonia, new-onset atrial fibrillation, postoperative MI, reoperation for bleeding, and new-onset renal failure were identified. Early mortality was defined as death within 30 days of the operation or at any point while still in the hospital. CVA included strokes, transient ischemic attacks, and coma. New-onset renal failure was defined as a creatinine value of greater than 2.0 mg/dL with no history of preoperative renal failure. Pneumonia was identified in patients with positive bacterial sputum cultures or radiographic findings consistent with pulmonary infection. Postoperative MI was defined as the presence of at least 2 of the following: prolonged typical chest pain not relieved by nitrates, enzyme level increase, new wall motion abnormalities, and/or ST-segment or Q-wave electrocardiographic changes in 2 or more contiguous leads.
The vital status of all discharged patients was determined from medical records, a query of the Social Security Death Index, and/or communication with the patient's family or physician before August 2004. Survivors were then sent the Medical Outcomes Study Short Form 12 (SF-12) Health Survey, version 2, to evaluate QoL. 14, 15 The deadline for questionnaire return was March 2005. Long-term mortality through June 2008 was ascertained by means of a subsequent query of the Social Security Death Index and medical records.
Analysis and Statistical Methods
Statistical analyses were performed with SPSS 13.0 software (SPSS, Inc, Chicago, Ill), and a P value of less than .05 was considered statistically significant. Evaluation of dichotomous variables was done with the Fisher's exact test. One-way analyses of variance were used to evaluate continuous variables. Survival curves were calculated by using the Kaplan-Meier method. 16 Observed postoperative survival was compared with predicted survival of a similarly aged cohort from United States census data. 17 A univariate followed by multivariate Cox proportional hazards regression from preoperative, operative, and postoperative variables was performed to identify risk factors for late mortality. For early/operative mortality, only a univariate Cox proportional hazards regression was performed because there were too few mortalities to perform a multivariate model. The predicted operative mortality was calculated by using the Society of Thoracic Surgeons (STS) and the logistic European system for cardiac risk assessment (Euro-SCORE) algorithms to evaluate the utility of existing clinical risk stratification protocols. 18, 19 The STS-and EuroSCORE-predicted operative mortality was then compared with the observed mortality. Receiver operating curves were determined, and the area under the receiver operating curve (AUROC) was used to assess the accuracy of the score in predicting mortality. 20 QoL data were compared with normative data for patients 75 years or older and patients with cardiac disease. 14 
RESULTS

Patient Demographics
Patient characteristics and comorbidities are summarized in Table 1 . The mean age of patients at the time of surgical intervention was 83 AE 3 years, with a range of 80 to 93 years. There were 8 nonagenarians overall, with 4 undergoing urgent operations and 4 undergoing emergent operations. Preoperatively, 52% of patients demonstrated New York Heart Association Class III or IV heart failure. The most frequent preoperative comorbidities were hypertension (74%), diabetes (25%), renal failure (16%), and history of CVA (12%). Only 1 patient with preoperative renal failure was hemodialysis dependent. CABG alone was performed in 61% of patients, representing the most common surgical procedure. Valve surgery with or without CABG was performed in 31% of patients. Aortic surgery was performed in 8% of patients, including 5 patients with acute type A aortic dissection and 1 patient with a type B aortic dissection. Fourteen patients had an ascending aortic aneurysm with either possible rupture or concomitant ischemia and valve dysfunction requiring urgent or emergent repair. One patient had a ruptured descending thoracic aneurysm. Aortic surgery was more common in emergent cases. The most common indication for urgent surgery was unstable angina requiring intravenous nitroglycerin (29%). The most common indication for emergent surgery was evolving MI (41%). All procedures were performed with cardiopulmonary bypass. Thirty-one (12%) patients had undergone previous cardiac operations.
Postoperative Complications and Early Mortality
Postoperative morbidity, mortality, and LOS are summarized in Table 2 . Early mortality was 11% overall, 7% in urgent cases, and 33% in emergent cases. The surgical procedures and cause of death in the emergent cases are listed in Table E1 . The most frequent causes of death in this group were CVA, multisystem organ failure, and cardiac arrest. Overall, the most frequent postoperative complication was atrial fibrillation (48% of patients) followed by pneumonia (28%), new-onset renal failure (7.3%), reoperation for bleeding (7.6%), and CVA (5.7%). The median hospital LOS was 9 days, with a median intensive care unit LOS of 3 Long-Term Survival Kaplan-Meier survival curves are presented in Figure 1 , which demonstrates survival in the urgent and emergent groups compared with the expected survival for an agematched cohort from US census data. For urgent cardiac surgery 1-, 5-, and 10-year survival was 81.6%, 52.9%, and 30.7%, respectively. For emergent cardiac surgery, 1-, 5-, and 10-year survival was 48.7%, 35.9%, and 15.4%, respectively. For the age-matched cohort, 1-, 5-, and 10-year expected survival from census data was 92.4%, 62.9%, and 34.8%, respectively. There was no significant difference in 10-year survival between the general elderly population and patients requiring urgent cardiac surgery (P ¼ .188). Patients who required emergent surgery, however, had decreased 10-year survival (P < .01). Figure E1 Number of proximal and distal anastomoses indicates median and 25th and 75th percentiles. NYHA, New York Heart Association; CVA, cerebrovascular accident; BMI, body mass index; LVEF, left ventricular ejection fraction; CABG, coronary artery bypass grafting; MI, myocardial infarction; IABP, intra-aortic balloon pump; USA w/IV NTG, unstable angina with intravenous nitroglycerin; CHF, congestive heart failure.
demonstrates the survival curves by procedure type. Patients who underwent CABG only had the highest long-term survival. Patients who underwent aortic procedures had the highest early mortality; however, 10-year survival is similar to that seen in patients who underwent valve surgery.
Predictors of Mortality
Risk factors from the Cox regression for early and late mortality are presented in Table 3 . For early mortality, significant risk factors were age, emergent status, aortic surgery, reoperative surgery, prolonged bypass time, and any major postoperative complication except for atrial fibrillation. Major postoperative complications included new-onset renal failure, pneumonia postoperative MI, CVA, and reoperation for bleeding. New-onset renal failure was the greatest risk factor for early mortality, with a hazard ratio of 11. Of the 19 patients with new-onset postoperative renal failure, 4 required hemodialysis. All 4 of these patients had early mortality, suggesting that requirement for hemodialysis significantly increases risk for early mortality. For late mortality, significant risk factors were concomitant peripheral vascular disease, emergent surgery, prolonged bypass time, and new-onset postoperative renal failure. Postoperative MI, CVA, pneumonia, and reoperation for bleeding did not increase the risk for late mortality. Increased body mass index decreased the risk for late mortality. Figure E2 demonstrates receiver operating curves for the existing clinical predictors for morality: the logistic EuroSCORE-and STS-predicted 30-day mortality. There was no difference between the AUROCs of the logistic EuroSCORE and STS (0.745 vs 0.694, P ¼ .21).
Quality of Life
At the time of follow-up in 2005, we identified 84 survivors, of whom 62% returned SF-12 QoL surveys. All respondents were at least 5 years postoperatively from their cardiac surgery, with a 7-year median follow-up time. Figure 2 shows the QoL scores in the respondents in comparison with normative data from subjects older than 75 years, and subjects with heart disease. Across all variables of the SF-12, our respondents had scores comparable with those of these US cohorts. There was no difference in mental and physical combined scores between surgical patients, patients with heart disease, and general elderly patients. There was also no difference between QoL in survivors of urgent and emergent cardiac surgery. Table E2 lists the physical and mental combined scores of respondents after emergent cardiac surgery. The scores are comparable with the mean values for the elderly population. 
DISCUSSION
The principle finding of this study is that urgent and emergent cardiac surgery can be performed in octogenarian and nonagenarian patients with acceptable operative mortality, long-term survival, and postoperative QoL. In our series 10-year survival and postoperative QoL were equivalent to those of the general elderly population in the United States. Despite nonelective cardiac surgery being associated with 2 to 3 times greater risk in the elderly, our operative mortality rate of 11% is similar to all inclusive operative mortality rates in previous studies of octogenarian patients, where mortality ranged from 9% to 20%. 4, 10 The patients in this study presented with unstable angina, evolving acute MI, valve dysfunction and congestive heart failure, shock, aortic aneurysm rupture, or acute aortic dissection. Although there are no randomized trials comparing medical management with nonintervention in these patients, the expected mortality would be high. Without surgical intervention, we believe many of these patients would likely have not survived their hospital stay. In our study, despite poor cardiac status at presentation, patients lived as long as the general population. Stoica and colleagues 10 found that octogenarians who undergo elective cardiac surgery actually outlived their peers in the United Kingdom.
As expected, operative mortality was much higher with emergent operations compared with that seen after urgent operations, particularly for aortic surgery. Patients who presented for emergent surgery had an operative mortality of 33%, nearly 5 times higher than the 7% operative mortality for those presenting for urgent operations. In octogenarian and nonagenarian patients who present with acute aortic dissection, clinical decisions regarding surgical intervention should consider this high mortality rate. For these patients, less invasive options, such as medical management or endovascular stent grafting, might be more appropriate. 21 Like mortality, postoperative QoL is an important measure of success, particularly in this elderly population. We evaluated QoL at least 5 years postoperatively by using the well-established SF-12 assessment and compared responses with those of the general US elderly population and patients with cardiac disease. 14, 15 Postoperative patients had equivalent physical health and mental health scores. Thus patients after nonelective cardiac surgery can return to a normal physical and mental functional capacity. Even in patients who have emergent operations, excellent return of function can be achieved (Table E2 ). Huber and associates 22 also recently found that QoL improved in octogenarians 2 years after cardiac surgery.
Preoperative risk stratification in this group of patients is critical to guide clinical decision making. The AUROC is a well-established measure of diagnostic performance of a test. The AUROC can distinguish between nonpredictive (AUROC < 0.5), less predictive (AUROC between 0.5 and 0.7), moderately predictive (AUROC between 0.7 and 0.9), and highly predictive (AUROC > 0.9) tests. 23, 24 In this series the AUROC was 0.745 for the logistic Euro-SCORE-predicted and 0.694 for the STS-predicted early mortality, with no statistically significant difference between the 2. Thus both tests are only less to moderately predictive of true operative risk in this patient population. Previous studies have also found that these existing risk models might be limited in high-risk subgroups. 19, 25, 26 New models need to be developed to appropriately risk stratify elderly patients undergoing cardiac surgery.
In our study we found that age, emergent surgery, aortic or reoperative cardiac surgery, prolonged bypass time, and virtually any significant postoperative complication, with the exception of atrial fibrillation, increased the risk for early mortality. Although preoperative comorbidities, such as renal failure, diabetes, and chronic obstructive pulmonary disease, likely contribute to early mortality, they were so prevalent in our patient population that they could not be used as a useful predictor. These results are similar to those of prior large population series in octogenarians in which medical comorbidities were found to be less predictive in comparison with younger age groups. 4, 10 Given this high-risk patient population, it is not surprising that postoperative complications are poorly tolerated. Zingone and coworkers 27 also recently found that having a single postoperative complication doubled the risk for hospital death in 355 octogenarians after cardiac surgery. Thus to maximize outcomes in this patient population, good surgical technique must be combined with meticulous postoperative management. Preventative measures to minimize ventilator-associated pneumonias, such as early extubation, head of bed elevation, and aspiration precautions, should be emphasized. 28 In addition, nephrotoxic drugs should be minimized, and renal function should be closely monitored. Of the major postoperative complications, only new-onset renal failure was predictive of late mortality, further emphasizing the importance of renal protection. Because body mass index was found to reduce the risk for late mortality, the importance of nutrition should also be emphasized.
Limitations
As a single-institution retrospective study, our study has several limitations. Our sample size is small and selective, which might limit translation to the general population. The sample size also likely decreases our ability to identify some significant risk factors that can influence overall outcome. The heterogeneity of surgical interventions precluded statistical analyses by operation type. Because our study evaluated outcomes after operations from 1994 to 1995, improvements in operative technique and perioperative management might have led to further improvements in operative mortality and postoperative complications than those presented in this study. In addition, our QoL assessment included a small, self-selected group of survivors. Poorly functioning survivors might not have returned the questionnaire. A responder bias analysis, however, did not reveal any significant differences in preoperative characteristics or in-hospital outcomes between responders and nonresponders. However, true postoperative QoL might be lower than reported. These limitations should be carefully considered when interpreting our results.
CONCLUSION
Nonelective cardiac surgery can be performed in octogenarian and nonagenarian patients with acceptable mortality and long-term survival. Emergent aortic surgery has the highest rate of operative mortality. Long-term postoperative QoL equals that of the general population. Medical comorbidities and existing clinical algorithms are not predictive of early mortality and should be carefully considered before they are used as contraindications for surgical intervention. Postoperative complications were stronger risk factors for operative deaths, and efforts to minimize complications, especially renal failure, should be maximized. 
